Recently released Planck data favor a lower value of the Hubble constant and a higher value of the fraction matter density in the standard ΛCDM model, which are discrepant with some of the low-redshift measurements. Within the context of this cosmology, we examine the consistency of the estimated values for the Hubble constant and fraction matter density with redshift tomography.
I. INTRODUCTION
More than one decade ago it was found that our universe is in an accelerating expansion based on the distance measurement of type Ia supernovae (SNe Ia) [1, 2] . This observation is consistent with other astronomical observations such as Hubble parameter, large scale structure and cosmic microwave background radiation (CMB), etc. To explain this accelerating expansion, one has to introduce the so-called dark energy with negative pressure in the general relativity framework, or to modify the general relativity at cosmic scales. Although suffered from some theoretical issues, the cosmological constant [3, 4] introduced by Einstein himself in 1917 is the most simple and economical candidate for the dark energy. Indeed the standard ΛCDM model turns out to be consistent with several precise astronomical observations, such as SNe Ia [5] , Wilkinson Microwave Anisotropy Probe (WMAP) measurements of CMB [6] , and baryon acoustic oscillation, etc. If the standard ΛCDM model properly describes our universe, the current Hubble constant H 0 and fraction matter density Ω m0 should be consistent with those estimated by different observations made at different redshifts.
However, the recently released Planck data [7] favor a higher value of Ω m0 = 0.315±0.017 and a lower value of H 0 = (67.3 ± 1.2) km s −1 Mpc −1 in the standard six-parameter ΛCDM cosmology, obtained by using Planck+WP, where WP stands for WMAP polarization data.
These values are in tension with the magnitude-redshift relation for SNe Ia and recent direct measurements of H 0 , such as the Hubble space telescope observations of Cepheid variables with H 0 = (73.8 ± 2.4) km s −1 Mpc −1 [8] and H 0 = [74.3 ± 1.5(stat.) ± 2.1(sys.)] km s −1 Mpc −1 obtained by using a mid-infrared calibration of the Cepheid distance scale based on observations at 3.6 µm with the Spitzer Space Telescope [9] . Of course, if relax the restriction of the standard six-parameter ΛCDM model, for example, consider the dynamical dark energy model [10] or include the dark radiation [11] , the tension might be alleviated. In [12] , Hu et al. found that there is another way to alleviate this tension in modified gravity models. Furthermore it was reported in [13] that this tension may also be alleviated by if one first calibrates the light-curve fitting parameters in the distance estimation in SNe Ia observations with the angular diameter distance data of the galaxy clusters, with the help of the distance-duality relation. Very recently, Efstathiou [14] Ia data (z = 0.0043 to 0.0072) [8] , with low redshift data (z < 0.04) from the Union2.1 compilation [15] and Planck data [7] , Zhang and Ma found that the present expansion of the universe estimated from the low redshift measurements is higher than the one estimated from high redshift observations in the ΛCDM model [16] . In other words, higher redshift measurements give a lower value of h, the reduced Hubble constant.
These discrepancies seemingly imply that the standard ΛCDM model cannot well describe the properties of the universe at all redshift if the major sources of systematic errors of these observations have been controlled. In this paper we detect these discrepancies in the ΛCDM 
II. METHOD AND DATA
In a spatially flat Friedmann-Robertson-Walker universe, the Hubble parameter is given by the Friedmann equation
for the ΛCDM model, where the redshift z is defined by (1 + z) = 1/a, and Ω r0 , Ω dm0
and Ω b0 are the present values of the fraction energy density for radiation, dark matter and baryon matter, respectively. The latter two are often written as the total matter density Ω m0 = Ω b0 + Ω dm0 . The radiation density is the sum of photons and relativistic neutrinos [6] :
where N ef f = 3.046 is the effective number of neutrino species in the Standard Model [20] ,
and Ω
We focus on constraints on the Hubble constant and the fraction matter density in the context of the ΛCDM cosmology from the low-redshift observational data including Union2.1
SNe Ia sample, Hubble parameter and BAO data, in combination with the high-redshift CMB measurements. We adopt a redshift tomography method to examine the flat ΛCDM model. Since the SNe Ia data cannot alone constrain the ΛCDM model very well, it could be even worse in each redshift bin because of the decreasing of data points (so do the Hubble parameters), we then divide the redshift into three bins so that the BAO data can distribute uniformly in the first two bins, while the CMB data are in the third bin. As a result, these data are divided into three combinations in the following redshift bins: 0 − 0.28, 0.28 − 0.73 and > 0.73. The distribution of data is listed in Table 1 . To see the difference, we will use WMAP9 and Planck data separately. 
A. Type Ia Supernovae
The SNe Ia data set is an important tool to understand the evolution of the universe.
In this work, we adopt the Union2.1 compilation [15] , containing 580 SNe Ia data over the redshift range 0.015 ≤ z ≤ 1.414. The chisquare is defined as as
where N is the data number in the redshift interval we are interested in, µ obs (z) is the measured distance modulus from the data and µ th (z) is the theoretical distance modulus, defined as
The luminosity distance is
where E(z) ≡ H(z)/H 0 . We can eliminate the nuisance parameter µ 0 by expanding χ 2 with respect to µ 0 [21] :
where
The χ 2 SN has a minimum asχ
which is independent of µ 0 . This technique is equivalent to performing a uniform marginalization over µ 0 [21] . We will adoptχ 
B. Observational Hubble parameter (HUB)
The observational Hubble parameter can be obtained by using the differential ages of passively evolving galaxies as
We use 19 observational Hubble data over the redshift range 0.07 ≤ z ≤ 2.3, which contain 11 observational Hubble data obtained from the differential ages of passively evolving galaxies [17, 18] , and 8 H(z) data at eight different redshifts obtained from the differential spectroscropic evolution of early type galaxies as a function of redshift [19] . The chisqure is defined as
where H th (z) and H obs (z) are the theoretical and observed values of Hubble parameter, and σ H denotes the error bar of observed data.
C. Baryon Acoustic Oscillation
As a ruler to measure the distance-redshift relation, Baryon Acoustic Oscillation provides an efficient method for measuring the expansion history of the universe by using features in the cluster of galaxies with large scale surveys. Here we use the results from the following five BAO surveys: the 6dF Galaxy Survey, SDSS DR7, SDSS DR9, WiggleZ measurements and the radial BAO measurement.
6dF Galaxy Survey
The 6dFGS BAO detection allows us to constrain the distance-redshift relation at z ef f = 0.106 [22] . The low effective redshift of 6dFGS makes it a competitive and independent alternative to Cepheids and low redshift supernovae in constraining the Hubble constant.
They achieved a measurement of the distance ratio
where r s (z d ) is the comoving sound horizon at the baryon drag epoch when baryons became dynamically decoupled from photons. The redshift z d is well approximated by [23] 
The effective "volume" distance D V is a combination of the angular-diameter distance D A (z) and the Hubble parameter H(z),
The χ 2 6dF is given by χ
SDSS DR7
The joint analysis of the 2-degree Field Galaxy Redshift Survey data and the Sloan Digital Sky Survey Data Release 7 data gives the distance ratio at z = 0.2 and z = 0.35 [24] :
When the two data points are in the same redshift bin, we adopt the χ 2 DR7 given by
and the inverse covariance matrix is
On the other hand, when the two data points are in the different redshift bin, their χ 2 DR7
are respectively given by
3. SDSS DR7 reanalysis
By applying the reconstruction technique [25] to the clustering of galaxies from the SDSS DR7 Luminous Red Galaxies sample, and sharpening the BAO feature, Padmanabhan et al. obtained the distance ratio at z = 0.35 [26] :
The χ 2 DR7−re used in the Markov Chain Monte Carlo analysis is
Since the SDSS DR7 and SDSS DR7 reanalysis results are based on the same survey and the latter gives a higher precision than the former, we include the SDSS DR7 reanalysis data when we do the whole redshift analysis but not both together. On the other hand, when we do redshift tomography, we may refer to part of the SDSS DR7 data at z = 0.2 and when the redshift bin contains z = 0.35, we will use the SDSS DR7 reanalysis data.
SDSS DR9
The SDSS DR9 measurement at z = 0.57 analyzed by Anderson et al. [27] gives
which is the most precise determination of the acoustic oscillation scale to date. The chisquare is defined as
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The WiggleZ measurements
The WiggleZ team encodes some shape information on the power spectrum to measure the acoustic parameter [28] :
The measurements of the baryon acoustic peak at redshifts z = 
The chisquare is defined as 
and its inverse covariance matrix is 
6. Radial BAO
The radial (line-of-sight) baryon acoustic scale can also be measured by using the SDSS data. It is independent from the BAO measurements described above, which are averaged over all directions or in the transverse directions. The measured quantity is
whose values are given by [29] △ z (0.24) = 0.0407 ± 0.0011,
D. Cosmic Microwave Background
In the CMB measurement, the distance to the last scattering surface can be accurately determined from the locations of peaks and troughs of acoustic oscillations. There are two quantities: one is the "acoustic scale"
and the other is the "shift parameter"
These quantities can be used to constrain cosmological parameters without need to use the full data of WMAP9 [6] . Here z * is the redshift at the last scattering surface [30] 
where 
The chisquare for the reduced WMAP9 data is defined by
Planck
By using the Planck data, we obtain the mean values for {R, l A , z * } as 
The chisquare for the reduced Planck data is defined as
III. RESULTS
Using the Union2.1 sample in combination with other measurements described in the previous section, we give the constraints on the base ΛCDM model. The best-fit values of Ω m0 and h with 68% CL errors are summarized in Table 2 , and their likelihoods are shown in Figure 1 .
From Table 2 we can see that the SNe Ia data alone favor a lower value of Ω m0 than the SNe Ia data in combination with other datasets. Including the BAO and WMAP9/Planck data improves significantly the constraint on Ω m0 . Including the reduced Planck data gives the highest Ω m0 and the lowest h. We find these estimates of Ω m0 are consistent with each other within 1σ CL, but are in tension with the results derived by Planck [7] . The estimates of h from the HUB, BAO and WMAP9 are compatible with those from Planck, but are discrepant with those from fitting the calibrated SNe magnitude-redshift relation [8] . Using the SN+HUB+BAO+WMAP9/Planck data distributed in three different redshift bins, we present the constraints on Ω m0 and h for the ΛCDM model in Table 3 . The corresponding marginalized posterior distributions are shown in Figure 2 .
Our analysis shows that low-redshift observations give a higher value of Ω m0 , while highredshift observations give a lower one by using the SN+HUB+BAO+WMAP9 data. However, the high redshift z > 0.73 observations with Planck data favor a relatively higher value
of Ω m0 , which is inconsistent with the high-redshift value from WMAP9 at about 1.1σ CL. In addition, there are large uncertainties in the estimation of Ω m0 from the data in the redshift range 0 < z < 0.28. From Table 3 we find that the data in the mid-redshift range 0.28 < z < 0.73 favor a lower Hubble constant with a little large uncertainty than the data at low and high redshifts. Figure 3 shows the best-fit values of Ω m0 and h with 1σ errors for the data in three different redshift bins. that obtained by Planck. However, our estimates of h from the data in the redshift ranges of z < 0.28 and 0.28 < z < 0.73 are lower than the result obtained in [16] . Moreover, the high-redshift data (z > 0.73) including the WMAP9 data favor a higher value of h than the data in the first two redshift bins.
IV. CONCLUSIONS
The estimates of Ω m0 and h in the base ΛCDM model should be consistent with each other from measurements made in different redshift intervals, if the simplest ΛCDM model completely describes the evolution of our universe and the unknown sources of systematic errors of these measurements can be negligible. The recent Planck observations of the CMB lead to a Hubble constant of h = 0.673 ± 0.012 and a matter density parameter of Ω m0 = 0.315 ± 0.017 [7] , which, however, are different from the low-z measurements. In this work, we have studied the consistency of the estimated values for the Hubble constant and matter density parameter from different redshift data.
We have first obtained reduced CMB data for {R, l A , z * } from WMAP9 and Planck data, data can give a higher one, but it is still in tension with the result reported by Planck.
Moreover, the estimates of h from the HUB, BAO and WMAP9 are compatible with those from Planck, but are discrepant with those from fitting the calibrated SNe magnituderedshift relation [8] . There is no any tension on h among three redshift bins, as shown in We have also implemented the redshift tomography analysis in the context of the ΛCDM cosmology with the SNe Ia, HUB, BAO and CMB data. We have found that low-redshift observations (z < 0.28) give a higher value of Ω m0 , as estimated by Planck, while highredshift observations (z > 0.73) with the WMAP9 data give a lower one, which is inconsistent with that from the SN+HUB+BAO data in the high-redshift range in combination with the Planck data at about 1.1σ CL. In addition, the data in the mid-redshift range 0.28 < z < 0.73 favor a lower Hubble constant. The current data cannot provide statistically significant evidence for any tension among the different redshift bins.
